S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



International Journal of Infectious Diseases 128 (2023) 223-229

Contents lists available at ScienceDirect

INTERNATIONAL
International Journal of Infectious Diseases FOR INFECTIOUS

DISEASES

journal homepage: www.elsevier.com/locate/ijid

Lopinavir/ritonavir for treatment of non-hospitalized patients with ")
COVID-19: a randomized clinical trial

Alexander M. Kaizer!, Nathan I. Shapiro?, Jessica Wild !, Samuel M. Brown?,

B. Jessica Cwik?#, Kimberly W. Hart>, Alan E. Jones® Michael S. Pulia’, Wesley H. Self?,
Clay Smith®, Stephanie A. Smith '°, Patrick C. Ng'!, B. Taylor Thompson '%, Todd W. Rice %,
Christopher ]. Lindsell®, Adit A. Ginde**

1 Department of Biostatistics and Informatics, University of Colorado Anschutz Medical Campus, Aurora, Colorado, USA

2 Department of Emergency Medicine, Beth Israel Deaconess Medical Center, Boston, Massachusetts, USA

3 Department of Pulmonary/Critical Care Medicine, Intermountain Medical Center, Murray, Utah, USA

4Department of Emergency Medicine, University of Colorado School of Medicine, Aurora, Colorado, USA

5 Department of Biostatistics, Vanderbilt University Medical Center, Nashville, Tennessee, USA

6 Department of Emergency Medicine, University of Mississippi Medical Center, Jackson, Missouri, USA

7 BerbeeWalsh Department of Emergency Medicine, University of Wisconsin-Madison, Madison, Wisconsin, USA

8 Vanderbilt Institute for Clinical and Translational Research and Department of Emergency Medicine, Vanderbilt University Medical Center, Nashville,
Tennessee, USA

9 Department of Emergency Medicine, Vanderbilt University Medical Center, Nashville, Tennessee, USA

10 Vanderbilt Coordinating Center, Vanderbilt University Medical Center, Nashville, Tennessee, USA

" San Antonio Military Medical Center, En route Care Research Center, 59th Medical Wing/Office of Science and Technology, US Air Force 59th Medical
Wing, Joint Base San Antonio-Lackland, Texas, USA

12 pivision of Pulmonary and Critical Care Medicine, Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts, USA

13 Division of Allergy, Pulmonary, and Critical Care Medicine, Vanderbilt University Medical Center, Nashville, Tennessee, USA

ARTICLE INFO ABSTRACT

Article history: Objectives: Effective and widely available therapies are still needed for outpatients with COVID-19.
Regeived 7 November 2022 We aimed to evaluate the efficacy and safety of lopinavir/ritonavir (LPV/r) for early treatment of non-
Revised 19 December 2022 hospitalized individuals diagnosed with COVID-19.

Accepted 21 December 2022 Methods: This randomized, placebo (Plb)-controlled, double-blind, multi-site decentralized clinical trial
enrolled non-hospitalized adults with confirmed SARS-CoV-2 infection and six or fewer days of acute

Keywords: respiratory infection symptoms who were randomized to either twice-daily oral LPV/r (400 mg/100 mg)
COVID-19 or PIb for 14 days. Daily surveys on study days 1 through 16 and again on study day 28 evaluated symp-
Antivirgl toms, daily activities, and hospitalization status. The primary outcome was longitudinal change in an or-
?(ilti[);;\ll??t dinal scale based on a combination of symptoms, activity, and hospitalization status through day 15 and
Rit% navir was analyzed by use of a Bayesian longitudinal proportional odds logistic regression model for estimating

the probability of a superior recovery for LPV/r over Plb (odds ratio >1).

Results: Between June 2020 and December 2021, 448 participants were randomized to receive either

LPV/r (n = 216) or PIb (n = 221). The mean symptom duration before randomization was 4.3 days (SD

1.3). There were no differences between treatment groups through the first 15 days for the ordinal pri-

mary outcome (odds ratio 0.96; 95% credible interval: 0.66 to 1.41). There were 3.2% (n = 7) of LPV/r and

2.7% (n = 6) of Plb participants hospitalized by day 28. Serious adverse events did not differ between

groups.

Conclusion: LPV/r did not significantly improve symptom resolution or reduce hospitalization in non-

hospitalized participants with COVID-19.

Trial registration: ClinicalTrials.gov Identifier: NCT04372628

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Clinical trial

* Corresponding author: Adit A. Ginde, University of Colorado School of Medicine, 12401 E. 17th Avenue, B-215, Aurora, Colorado 80045, USA, Tel: (720) 848-6777, Fax:
(720) 848-7374
E-mail address: adit.ginde@cuanschutz.edu (A.A. Ginde).

https://doi.org/10.1016/j.ijid.2022.12.028
1201-9712/© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)


https://doi.org/10.1016/j.ijid.2022.12.028
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ijid
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijid.2022.12.028&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:adit.ginde@cuanschutz.edu
https://doi.org/10.1016/j.ijid.2022.12.028
http://creativecommons.org/licenses/by-nc-nd/4.0/

AM. Kaizer, N.I. Shapiro, J. Wild et al.
Introduction

COVID-19 remains a significant public health problem. There
has been success in developing outpatient therapeutics such as
neutralizing monoclonal antibodies, oral antivirals, and intermit-
tent intravenous remdesivir infusions [1-7]. However, these treat-
ments are costly, susceptible to resistance from new SARS-CoV-
2 variants, and may not improve symptom resolution [8-11].
With increasing vaccination and less severe variants, hospitaliza-
tion rates have declined [12-14], and the focus of initial treat-
ment is now shifting toward acute symptom and functional recov-
ery [15,16].

Lopinavir/ritonavir (LPV/r; Kaletra) is an HIV antiretroviral drug
proposed for the treatment of COVID-19 based on promising in
vitro data [17-21]. Its putative mechanism of action is through 3-
CL protease inhibition [22-24], which is the same target as nirma-
trelvir/ritonavir (Paxlovid), considered the first-line treatment for
eligible symptomatic outpatients with COVID-19 [25]. Whereas nir-
matrelvir/ritonavir is expensive and not globally available, LPV/r is
relatively inexpensive, generic, widely available, and has a known
safety profile. Previous trials for LPV/r in both inpatient [26-
28] and outpatient [29] settings did not identify a meaningful
benefit in treating COVID-19. However, treatment in previous tri-
als was late in the course of the disease and potentially outside
the therapeutic window. For example, in the outpatient TOGETHER
trial, 84% of participants had experienced more than 5 days of
symptoms before receiving treatment [29].

The Trial of Early Antiviral Therapies during Non-hospitalized
Outpatient Window (TREAT NOW) was an adaptive platform trial
to evaluate potential antiviral therapies for the treatment of
COVID-19 among non-hospitalized individuals using a decentral-
ized approach with a combination of local and remote recruitment,
a single drug distribution center, and remote follow-up. We hy-
pothesized that early administration of LPV/r would reduce dis-
ease progression and improve clinical outcomes among outpatient
adults. Here we report the results of the TREAT NOW trial compar-
ing LPV/r vs placebo (PIb).

Methods
Study design

The TREAT NOW platform protocol was a decentralized adap-
tive, blinded, multi-center, Plb-controlled randomized clinical trial
to assess the efficacy and safety of different antiviral therapies
in the outpatient treatment of COVID-19. The study initially in-
cluded three arms: LPV/r, hydroxychloroquine, and Plb. As reported
in the published protocol and statistical plan [30], the hydroxy-
chloroquine arm was dropped early due to external evidence of
a lack of efficacy. The protocol was approved by a single insti-
tutional review board at Vanderbilt University with reliance on
local enrolling sites. Electronic, no-touch informed consent was
obtained from each enrolled participant; consent from legally au-
thorized representatives was not permitted.

Study participants

Participants had to be 18 years of age or older with
a laboratory-confirmed SARS-CoV-2 infection by reverse
transcriptase-polymerase chain reaction or another molecular
test or by antigen test with emergency use authorization or full
approval collected within the past 6 days. These results were
confirmed with potential participants during the screening visit
(typically remotely). Additionally, participants must have expe-
rienced at least one acute respiratory infection symptom within
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6 days before randomization. Participants were excluded if hos-
pitalized at time of enrollment. A full list of eligibility criteria,
including medications, checked for drug-drug interactions, and
enrollment procedures, are described in the Supplement and are
summarized in the published protocol [30].

Randomization and blinding

We used a central electronic randomization system to allocate
participants equally among enrolling study arms with stratification
by enrolling site and age (>65 years or <65 years), given that risk
for morbidity and mortality, and potential treatment response, is
influenced by age. Study participants, treating clinicians, study per-
sonnel, and outcome assessors were blinded to allocation. Only the
central study pharmacy and one member of the biostatistical team
who prepared closed data and safety monitoring board (DSMB) re-
ports were unblinded.

Interventions and treatments

Participants assigned to the LPV/r arm received 400 mg/100 mg
twice daily for 28 doses (14 days total). Participants assigned to the
Plb group received a generic oral PIb matching the LPV/r regimen.

The study drug was prepared by a central pharmacy (Belmar
Pharmacy, Golden, Colorado) to provide the randomized treatment
labeled by study day. Packaging of both LPV/r and Plb was de-
signed to blind participants to their treatment assignment; the
study drug was shipped to participants using overnight delivery.

Study procedures

To minimize contact with study personnel and enhance reach of
recruitment, TREAT NOW employed a remote approach to assessing
eligibility, obtaining informed consent, and collecting daily infor-
mation via surveys on participant symptoms, adverse events (AEs),
and location/status. We initially recruited participants from local
health systems at five enrolling sites and then expanded to na-
tional recruitment using social media advertising. Once consented
to and randomized, participants were sent surveys to collect med-
ication adherence, symptoms, activities, and healthcare utilization
daily for the first 16 days, then a final survey 28 days after ran-
domization. “Baseline” refers to the day of randomization, and
“Study Day 1” refers to the day with confirmed receipt of the study
drug. Surveys could be completed via mobile device, computer, or
over the phone with study personnel. Non-response for two con-
secutive days or events indicating potential AEs or hospitalization
triggered telephone follow-up from research staff.

Outcomes

The primary outcome was a modification of the World Health
Organization clinical status scale [31] measured longitudinally
through day 15 of the study. To reflect the mild to moderate sever-
ity of disease in the outpatient setting, the modifications were
to include three non-hospitalized states (no symptoms, symp-
toms without activity limitations, symptoms with activity limi-
tations), three hospitalized states based on supplemental oxygen
use (no supplemental oxygen, on supplemental oxygen, on me-
chanical ventilation or extracorporeal membrane oxygenation), or
death. Using the serially collected clinical status through day 15
of the study allows the changes over treatment to be included
in the analysis of the primary outcome, rather than using a non-
longitudinal summary which would obscure the trends over time.
Additional details can be found in Kaizer et al. [30] and the Sup-
plement.
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Secondary outcomes include the modified ordinal outcome on
days 8 and 29, the proportion of patients hospitalized, time to
hospitalization, time to symptom resolution, all-cause mortality,
oxygen-free days, fever-free days, ventilator-free days, vasopressor-
free days, intensive care unit-free days, and hospital-free days. Un-
less otherwise noted, all secondary outcomes are through the final
participant survey on day 29.

Safety outcomes included all potential associated AEs, as well
as seizure, atrial or ventricular arrhythmia, cardiac arrest, receipt of
renal replacement therapy, severe dermatologic reaction, and oth-
ers that are described in the protocol (Supplement).

Statistical analysis

The sample size was based on a frequentist proportional odds
model with 90% power to detect an odds ratio (OR) of 1.75, as-
suming a 5% type I error rate. To account for an expected 10%
loss to follow-up rate, 300 participants were needed per arm. The
power calculation was based on limited preliminary data, given the
emerging pandemic in May 2020. We prespecified interim moni-
toring rules for approximately 25%, 50%, and 75% of total enroll-
ment based on the posterior probability of efficacy >95% or the
posterior probability of inefficacy being >90%, with futility moni-
toring based on the predictive probability of success is less than
10%. Additional details on the power analysis and interim monitor-
ing approach were previously described [30].

The primary analysis used a Bayesian longitudinal proportional
odds model with a random intercept for each participant. We eval-
uated the proportional odds assumption with graphical methods,
with the plan to use a partial- or non-proportional odds model if
assumptions were clearly violated. To account for non-linear effects
of treatment over the course of treatment, all analyses included
a restricted cubic spline with four knots and a treatment-by-time
interaction. The prior for the intercept assumed a Dirichlet distri-
bution, and the priors for all other coefficients assumed a normal
distribution with a mean of 0 and SD of 10. For adjusted models,
prespecified covariates were race/ethnicity, age, sex, symptom du-
ration (in days), presence of any predefined comorbidities, receipt
of monoclonal antibody treatment, vaccination status, and time pe-
riod of the trial broken into 3-month quarters. With respect to
missing data, the chosen Bayesian methods do not require impu-
tation for missing time points, assuming a missing at-random as-
sumption conditional on the baseline covariates and previous time
points. ORs greater than one indicate a benefit for LPV/r.

Subgroup analyses of the primary outcome included age, sex,
race/ethnicity, body mass index, baseline renal function, hyperten-
sion, diabetes mellitus, cardiovascular disease, and duration of res-
piratory symptoms before randomization. For each subgroup, the
unadjusted model was fit, with the addition of the subgroup vari-
able without and with interaction with treatment. To facilitate a
more parsimonious approach to determining if an interaction ef-
fect may be present, Bayesian stacking was then used to compare
the two models. If the model with an interaction had a poste-
rior weight of 80% or greater from the stacking procedure, mod-
els would then be fit within the respective subgroups. Exploratory
analyses evaluated the severity of each symptom included in the
primary outcome using the same unadjusted model. Secondary
and safety outcomes are presented descriptively.

The main analysis used a modified intention-to-treat principle,
where every participant with receipt of the study drug delivered
from the central pharmacy is included. We used R software, ver-
sion 4.1.0 (Vienna, Austria), for the analyses. For all Bayesian analy-
ses, four chains were used with 6000 iterations each. Convergence
of the Markov chain Monte Carlo simulations was evaluated via
trace plots and model diagnostics provided within the rmsb pack-
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Table 1
Baseline characteristics of the overall cohort.
Lopinavir/ritonavir Placebo
Characteristic (N = 220) (N = 226)
Age (years), mean (SD) 39.9 (12.2) 41.7 (12.2)

Female sex, n (%)
Race/ethnicity, n (%)?
Non-Hispanic White

129 (58.6%) 132 (58.4%)

170 (77.3%) 184 (81.4%)

Non-Hispanic Black 19 (8.6%) 16 (7.1%)

Non-Hispanic other 8 (3.6%) 10 (4.4%)

Hispanic 20 (9.1%) 13 (5.8%)

Missing 3 (1.4%) 3 (1.3%)
Body mass index (kg/m?), mean (SD) 29.3 (7.8) 27.9 (6.8)
Number of comorbidities, n (%)

0 46 (20.9%) 53 (23.5%)

1 86 (39.1%) 85 (37.6%)

>2 88 (40.0%) 88 (38.9%)
Number of baseline symptoms, n (%)°

1 3 (5.9%) 9 (4 0%)

2 5 (11.4%) 5 (11.1%)

3 8 (21.8%) 2 (18.6%)

4 45 (20.5%) 4 (23.9%)

5 2 (14.5%) 6 (11.5%)

>6 7 (25.9%) 0 (31.0%)
Symptom duration (days), mean (SD) 4.3 (1.3) 4 2 (1.3)

Vaccination status, n (%)¢
Fully vaccinated
Partially vaccinated
Not vaccinated
Unknown

45 (20.5%)
17 (7.7%)
109 (49.5%)
49 (22.3%)

48 (21.2%)
21 (9.3%)
109 (48.2%)
48 (21.2%)

2 Race/ethnicity as reported by participant.

b Comorbidities include class 1-3 obesity, hypertension, coronary artery disease,
asthma, chronic obstructive pulmonary disease, diabetes, chronic kidney disease,
liver disease, immunosuppressive condition, rheumatologic/autoimmune condition,
neurological condition, or blood disorder.

¢ Baseline symptoms include weakness/fatigue, cough, body aches, fever, short-
ness of breath, diarrhea, chest pain, nausea, and abdominal pain.

d Full vs partial vaccination status based on approved number of doses, not vac-
cinated represents participants enrolled before approved vaccines or reporting not
being vaccinated, unknown represents period in trial between vaccine approval and
when data was collected on vaccine status.

age [30,32]. Additional details of the statistical analysis plan can be
found in the Supplement.

Role of the funding source

The funding organizations had no direct involvement in the de-
cisions related to the trial, the analysis, or the drafting or revision
of the manuscript.

Results
Study enrollment and participant characteristics

From June 2020 to December 2021, investigators at five United
States sites enrolled 446 participants from 39 states in the United
States (Figure 1). The primary analysis population included 437
patients who received LPV/r (n = 216) or Plb (n = 221). Base-
line characteristics were similar between the two treatment groups
(Table 1; Appendix Table 1). The mean age was 41 (SD = 12)
years, and 78% had at least one comorbid condition associated
with risk for severe disease. The average symptom duration be-
fore randomization was 4.3 (SD = 1.3) days, with 78% of partici-
pants having symptoms for five or fewer days. Over 90% of partici-
pants received their randomized treatment the next day after ran-
domization, resulting in an average length of 5.4 (SD = 1.4) days
from symptom onset to medication receipt (Appendix Figure 1).
The most commonly reported symptoms at baseline were weak-
ness/fatigue (88%), cough (87%), and body aches (79%). The DSMB
recommended the trial terminate for futility in December 2021, af-
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Figure 1. CONSORT diagram.
LPV/r, lopinavir/ritonavir.

ter 415 participants had data for the primary outcome when the
probability of observing efficacy at the planned maximum sample
size was less than 10%.

Efficacy outcomes

In the primary analysis population, we observed no evidence
of a treatment effect over the first 15 study days (Figure 2). The
unadjusted odds of LPV/r resulting in a better ordinal category
than Plb was 0.97 (95% credible interval [Crl]: 0.67 to 1.40; Pr[OR
>1] = 0.44) over the first 15 days after randomization. Similar re-
sults were observed after adjusting for other covariates.

Secondary outcomes are presented in Table 2 and Appendix
Table 2. There were 3.2% (n = 7) of LPV/r and 2.7% (n = 6) of Plb
participants hospitalized within 29 days, with one death reported
in the LPV/r arm. The number of fever-free days was similar be-
tween groups. Given the limited number of hospitalizations, num-
bers of oxygen-, intensive care unit-, and hospital-free days were
similar between groups, with most participants having all 17 days
indicated as free of these outcomes.

226

Exploratory analyses based on the Bayesian longitudinal propor-
tional odds model for the outcome of the severity of each of the 10
measured symptoms are presented in the online-only Supplement
(Appendix Table 3; Appendix Figures 2-11). Compared to Plb, LPV/r
had worse odds for more severe diarrhea (OR 0.58, 95% Crl: 0.41,
0.82), with no other symptoms presenting significant differences.

Safety outcomes

Solicited AEs are presented in Table 3. Rates were similar be-
tween LPV/r and Plb. Five (2.3%) LPV/r participants reported a se-
vere rash vs no such reports among Plb participants. The one ob-
served death in the LPV/r group due to COVID-19 pneumonia was
adjudicated as being unrelated to the study treatment.

Subgroup analyses

Ultimately, no important subgroup differences were detected.
Baseline renal function, as measured by chronic kidney disease and
dialysis status, was not completed, given only two participants re-
ported chronic kidney disease. Based on the approach to subgroup
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The unadjusted OR that LPV/r results in a better ordinal category than PIb over the first 15 days after randomization was 0.97 (95% credible interval: 0.67 to 1.40; Pr[OR

>1] = 0.44), representing no significant improvement over the course of 15 days.

Hosp, hospitalization; LPV/r, lopinavir/ritonavir; Mech Vent, mechanical ventilation; OR, odds ratio; Plb, placebo; Supp Oxy, supplemental oxygen; Symp, symptoms.

Table 2
Secondary outcomes®.
Lopinavir/ritonavir Placebo
Outcome N = 220 N = 226
Worst ordinal score over first 15 days
1: Death 0 (0.0%) 0 (0.0%)
2: Hospitalized on mechanical ventilation/extracorporeal 1 (0.5%) 0 (0.0%)
membrane oxygenation
3: Hospitalized on supplemental oxygen 5(2.3%) 4 (1.8%)
4: Hospitalized not on supplemental oxygen 1(0.5%) 2 (0.9%)
5: Not hospitalized with symptoms & limitations 187 (86.6%) 191 (86.4%)
6: Not hospitalized with symptoms, no limitations 10 (4.6%) 14 (6.3%)
7: Not hospitalized without symptoms nor limitations 12 (5.6%) 10 (4.5%)
Missing 4 5
All-cause mortality through day 29, n (%) 1 (0.5%) 0 (0.0%)
Hospitalized through day 29, n (%) 7 (3.2%) 6 (2.7%)
Time to hospitalization (days), median (Q1, Q3) 6.0 (4.0, 8.0) 7.0 (5.2, 11.0)
Time to symptom resolution (days), median (Q1, Q3) 11.0 (8.0, 29.0) 11.0 (7.0, 29.0)
12 5

Missing

2 Appendix Table 1 and the Supplementary Materials present additional secondary outcomes

identification with Bayesian stacking, potential differential treat-
ment effects were identified for race/ethnicity, diabetes mellitus,
and duration of symptoms. Post hoc analyses also identified poten-
tial differences in treatment effects by vaccination status and pres-
ence of comorbidities. Appendix Table 4 presents the estimated
probability from Bayesian stacking of the model with an interac-
tion between treatment and the subgroup variable being higher
than the model without the interaction. The estimated OR and 95%
Crls within subgroups are presented in Appendix Table 5, where all
Crls included OR of one, suggesting no observable benefit of treat-
ment within any subgroup.

227

Discussion

Early treatment of non-hospitalized patients with LPV/r within
6 days of COVID-19 symptom onset did not improve symptom res-
olution and hospitalization in non-hospitalized participants with
COVID-19 when compared to Plb. There was no evidence that spec-
ified subgroups may benefit from the intervention. Secondary and
safety outcomes were similar between groups, with a low over-
all hospitalization rate of 2.9%. Through the novel, decentralized
TREAT NOW platform trial, we successfully enrolled patients across
the United States using just five enrolling sites, with robust inter-
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Table 3
Adverse events.
Lopinavir/ritonavir Placebo
Symptom (n = 220) (n = 226)
Serious AEs 2 (0.9%) 1(0.4%)
Protocol-specified AEs
Seizures 0 (0.0%) 0 (0.0%)
Heart palpitations 12 (5.5%) 15 (6.6%)
Pancreatitis 0 (0.0%) 0 (0.0%)
New kidney problems 0 (0.0%) 1(0.4%)
Hypoglycemia 3 (1.4%) 2 (0.9%)
Severe skin reaction 5 (2.3%) 0 (0.0%)
Anemia/liver problem/low platelet 3 (1.4%) 3 (1.3%)
Respiratory failure 1(0.5%) 0 (0.0%)

AE, adverse event.

vention delivery and longitudinal data collection using a remote
approach.

There are important elements that make TREAT NOW distinct
from other LPV/r COVID-19 clinical trials. First, we focused on
non-hospitalized patients rather than those admitted to the hos-
pital for COVID-19 who may be more severely ill and later in the
course of illness [26-28]. Second, when comparing to the out-
patient TOGETHER trial, which enrolled non-hospitalized patients
with COVID-19 and included LPV/r, we enrolled patients earlier in
the course of the disease (78% vs 16% enrolled within 5 days of
symptom onset) and included a longer treatment duration (14 vs
10 days) [29]. However, despite early interest in this agent, given
its putative mechanism as an inhibitor of the 3-CL protease, we
found no evidence to support the use of LPV/r for the treatment of
COVID-19 in the outpatient setting.

TREAT NOW included other innovations worth noting. The use
of daily, longitudinal data collection with Bayesian modeling for
the primary outcome analysis facilitated the estimation of missing
responses and the ability to use an ordinal scale reflecting a range
of participant outcomes over time. Given the desire to reduce
contact of study personnel and expand the reach of trial recruit-
ing of non-hospitalized COVID-19 individuals, our study leveraged
the ability to remotely enroll and manage participants through
the fully decentralized approach. This allowed greater flexibility
for participants across the United States since each TREAT NOW
site could serve as an enrolling center for non-local participants.
Additionally, the use of a central pharmacy with overnight ship-
ping of allocated treatment doses removed the requirement for
participants to attend a study site to obtain the investigational
drug. Finally, we implemented automated daily surveys to track
symptom resolution, safety, and disease progression, which re-
duced patient-coordinator contact unless necessary for follow-up
(i.e., non-response notification, AE trigger). We constructed the sur-
veys to be brief and mobile-friendly to encourage daily participa-
tion, which adds validity and power to the outcome assessment.
Accordingly, over 83% of potential daily data collection was com-
pleted with this approach (Appendix Figure 4). The decentralized
nature allowed for targeted advertising via social media to further
increase enrollment and representation across a wide range of ge-
ographic and socioeconomic groups. The TREAT NOW platform also
served as a model for the ongoing ACTIV-6: COVID-19 Study of Re-
purposed Medications platform trial (NCT04885530).

There are limitations to consider with TREAT NOW. The use of
the modified COVID-19 outcomes scale was selected early in the
pandemic; as the pandemic continues to evolve, there is growing
recognition that the World Health Organization COVID-19 clinical
status scale may be suboptimal for outpatient studies. Participants
self-reported symptoms via a daily survey, but this could have led
to heterogeneity in how severity was considered for each reported
symptom. The remote nature of the trial also means that events
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such as hospitalizations are unlikely to be directly observed and
may be undercounted if not reported by participants. While there
was some missingness with daily surveys, over 83% of daily sur-
veys were successfully completed, and the use of the Bayesian lon-
gitudinal proportional odds regression model facilitated the use of
all available information to minimize the influence of missingness
on outcomes. Given that the final participants enrolled in Decem-
ber 2021, it is unlikely that many were infected with the Omi-
cron variant. Finally, it may be that the concentrations of LPV/r
produced by the dose used in the trial were not high enough to
achieve virus neutralization [33-35].

In this innovative, decentralized trial, early administration of
LPV/r for non-hospitalized individuals with symptomatic COVID-19
was not shown to improve clinical outcomes, including symptom
resolution or disease severity.
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